Abstract. Theahoroacetic acid method under the alkaline condition is adopted to conduct carboxymethylation modification of catathelasmaventricosum polysaccharides (CVPs) to obtain carboxymethylationcatathelasmaventricosumpolysaccharides (cCVPs). In order to improve the acquiring rate (A) and degree of substitution of cCVPs, the synthetic process has been optimized. The optimal condition is: the concentration of NaOH is 20%; the dosage of monochloro acetic acid is 3g; the isopropanol is 15ml; the reaction temperature is 65℃; the response time is 4h; the molecular weight is 5.0×103-1.0×104 Da. The final A and DS of cCVPs obtained reach 82.01% and 0.891, respectively. Besides, the regulating level of cCVPsof the oxidative stress level within the body of mice suffering from diabetes is also studied. Experimental results suggest that carboxymethylation can significantly improve the antioxidant activity of the CVPs.
Introduction
Diabetes is a metabolic disease featuring high blood sugar, which is caused by either defects of insulin secretion or the damage of its biological function [1] or both. The long-term existing high blood sugar of patients suffering from diabetes cause a chronic damage and dysfunction of eyes, kidneys, hearts, blood vessels and nerves [2, 3] . According to data issued by the World Health Organization in 2014, the number of patients suffering from diabetes has reached 347 billion [4] .
The edible mushroom polysaccharide features the medicinal activity of anti-bacteria, anti-oxidation, anti-tumor and anti-diabetes [5] [6] [7] . After carboxymethlation of polysaccharides, the biological activity of polysaccharides can be greatly increased, and the water solubility and vicidity of polysaccharides can be increased [8, 9] to make it extensively used in terms of food, reagent combination and industrial raw materials [10] . Currently, CVPs are not made use of to conduct carboxymethylation research. It should be noted that molecular weight of CVPs is relatively smaller compared with that of the other fungi. The DS of the former is also higher and the biological activity of the anti-oxidation and anti-diabetes can be stronger. Therefore, the employment of cCVUPs for the animal experiments will provide new ideas and references for the chemical modification and biological activity of polysaccharides.
Carboxymethlation modification of CVPs:Dissolve CVPs of 250mg into 10ml NaOH solution, and fully stir the mixed solution for 30min. Add certain amount of the mixed solution featuring chloroacetic acid and isopropanol into it. Stir it for 1h, and put it into the incubator to react for a period of time. Use 0.5m HCL to adjust PH to the central level. After the dialysis of flowing water, mix it with 95% of ethanol solution four times larger in volume. Stir for 30min, put it in the refrigerator of 4℃ for 12h, centrifuge (500rpm, 5min), give up the supernate and conduct freeze drying to obtain cCVPs [12] [13] [14] .
Acid hydrolysis of CVPs:Take an appropriate amount of CVPs sample in a stoppered test tube, dissolved it in 0.1 mol / L trifluoroacetic acid (TFA), and then hydrolyzed at 110 ℃ for 1 h. Then, use the dialysis tube with a molecular cutoff size of 5.0 × 102to conduct dialysis of the reaction liquid, to remove trifluoroacetic acid and other impurities, and to collect the liquid with the dialysis bag, namely CVPs hydrolysate. Except thatthe dialysis bag with a molecular cutoff size of The calculation formula of DS is shown below：
(1) Degree of substitution:
Where:A stands for the amount of substance of NaOH consumed by every gram of sample: mmol; V 0 (mL) stands for the volume of consumed sodium hydroxide solution; C 0 (mol/L) stands for the concentration of consumed NaOH; V 1 (mL) stands for the volume of consumed NaOH solution; C 1 (mol/L) stands for the concentration of the consumed hydrochloric acid solution; m (g) stands for the mass of the carboxymethylation samples. Measurement of the acquiring rate of cCVPs: Below is the calculation formula for the acquiring rate [15] : Acquiring rate=Mass of the original polysaccharides/Mass of the polysaccharides after carboxymethylation.
Infrared spectroscopic analysis ：Use the potassium bromide pellet technique to measure the infrared spectroscopy of the optimal group. Fetch 0.1~0.5 mg of dry cCVPs to mix with 10~50mg of dry potassium bromide. Under the lighting of the infrared lamp, it is put in the agate body to be evenly ground. After it is crushed by the tablet press into thin slices, Fourier transform infrared spectrometer is conducted.
Effects of cCVPs on oxidative stress of diabetes:The healthy and clean male ICR mice (18±2g, 5 years old) are purchased from Shanghai Slyke Company. Feed them in the hope of adapting them to the new environment for two weeks with adequate water and basic feeds in the air-conditioned room staying at a constant temperature of 25℃ and staying in brightness and darkness for 12h [16] , respectively.
Randomly choose 50 mice and put them on fasts for 12h. Inject 1% of STZ solution (140mg/kg) in the enterocoelia of mice once. After 72 hours, the blood sample is taken from the tail end with glucometer employed to test the high blood sugar. The urine sugar test paper is employed to test the urine sugar. Choose 36 mice whose sugar blood is higher than 16.7 mmol/L as the diabetes model.
Randomly distribute mice to be tested to the following experiment groups (every six mice are put in one group and are tested for an experiment period of 30 days):
Group I: Normal mice as references; Group II: Diabetes mice induced by STZ adopted as the negative control group (gavage of distilled water);
Group III: Mice induced by the STZ and the gibenclamide taken orally as the positive control group (the gavage amount of gibenclamide is 0.02g/kg/d);
Group IV: Normal mice taking a high dosage of cCVPs (gavage amount: 2 g/kg/d); Group V: Mice taking a low dosage of cCVPs and induced by STZ (gavage amount: 0.2g/kg/d); Group VI: Mice induced by STZ and taking a low dosage of CVPs. (gavage amount: 0.2g/kg/d) After feeding for 30 days, all tested mice are kept from eating anything for 12 hours. The weight and blood sugar of mice are measured. Blood sample is fetched from eyeballs of mice. The collected blood is quickly centrifuged (5,000rpm, 5 min, 4 ) to obtai ℃ n the serum and test the content of glucose in the serum. All mice are put to death through cervical vertebra dislocation. The livers and kidneys of mice are cut down, and put in the homogenizer to achieve homogenation (above the ice). After that, centrifuge (3,000rpm, 10min, 4 ) is conducted. The supernatant liquid is used to test the ℃ level of catalase (CAT), malonaldeyde (MDA), superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), Vitamin C and Vitamin E.
Results and discussion
cCVPs single-factor experiment. Influence of concentration of NaOH upon CVPs modification Table 1 , when the concentration of NaOH is 20%, its DS is significantly superior to that of other groups (p<0.05); when the concentration of NaOH is 20% and 25%, respectively, its DS is also significantly superior to that of the other groups (p<0.05). Therefore, in the single factor experiment as to the influence of concentration of NaOH on DS and A ofcCVPs, it is the best when concentration of NaOH is 20%.
Influence of chloroacetic acid dosage on carboxymethylation modification of CVPs: Table 2 , it can be seen that, when the chloroacetic acid dosage is 3g, its A is significantly superior to that of the other groups (p<0.05). When the chloroacetic acid dosage is 3g and 3.5g, its A is significantly superior to that of the other groups (p<0.05). Therefore, in the single factor experiment as to the influence of chloroacetic acid dosage on A and DS of cCVPs, it is the best when the chloroacetic acid dosage is 3g.
Influence of reaction temperature on carboxymethylation modification of CVPs: Table 3 , it can be seen that: when the reaction temperature is 65 and 70 , its DS is ℃ ℃ superior to that of the other groups (p<0.05); when the reaction temperature is 50 and 65 , its A is ℃ ℃ superior to that of the other groups (p<0.05). Therefore, in the single factor experiment as to the influence of the reaction temperature on DS and A of cCVPs, it is the best when the reaction temperature is 65 . ℃ Influenceof the reaction time on carboxymethylation of CVPs: From Table 6 , it can be seen that the weight of diabetes mice (in Group II, Group III, Group V and Group VI) before the experiment is lower than that of normal mice (in Group I and Group IV), and that the blood sugar of the former is significantly higher than that of the latter. (p<0.05) After drugs are taken continuously for 30 days, blood sugar of diabetes mice in Group V and Group VI is significantly lower than that of the negative control group without taking any drugs. (p<0.05) This suggests that CVPs and cCVPshascetain anti-diabetes activity. The weight and blood sugar indexes of mice taking cCVPs (in Group V) are obviously significantly superior to that of mice taking CVPs. This suggests CVPs can significantly improve the antidiabetic activity of polysaccharides after carboxymethylation. Weight and sugar blood indexes of normal mice show no abnormalities after taking cCVPs for 30 days at a dosage of 2 g/kg/d. Besides, the function of cCVPs in reducing sugar blood is relatively lower than that of the positive control group.
Influence of cCVPs on oxidative stress within the liver of diabetes mice: : High dose; GSH-Px: Glutathione peroxidase(U/mg protein); SOD: Superoxide dismutase(U/mg protein); CAT: catalase(U/mg protein); MDA: malonaldehyde (nmol/mg protein); V C : Vitamin C (μg/mg protein); V E : Vitamine E (μg/g tissue).
From Table 7 , it can be seen that the anti-oxygen level within the liver of normal mice (in Group I and Group IV) is obviously higher than that of diabetes mice (in Group II, Group III, Group V and Group VI), The MDA content (index of the oxidation of the reaction body) of the former is lower than that of diabetes mice. (p<0.05) The anti-oxygen level within the liver of diabetes mice in Group V and Group VI after taking drugs for 30 days continuously is obviously higher than that of the negative control group taking none drugs. Besides, the MDA content of the former is obviously lower than that of the latter. (p<0.05) The anti-oxygen level and the MDA content of diabetes mice in Group V taking cCVPs are obviously superior to those of diabetes mice taking CVPs in Group VI. Among them, the GSH-Px and SOD of liver of diabetes mice in Group V has reached the normal level. This suggests that CVPs and cCVPs have certain anti-oxidant activity. Carboxymethylation can significantly improve the anti-oxidant activity of CVPs. After normal mice takecCVPs at a dosage of 2 g/kg/d for 30 days consecutively, their anti-oxidant indexes are all maintained at a normal level. Besides, the anti-oxidase level is significantly higher than that of the normal group. This proves that cCVPs has a strong anti-oxidant activity and is relatively safe.
